Background {#s1}
==========

Determining factors for preventing incident functional disability is a critical goal for societies confroting in rapid population aging, including Japan. Social relationships have been suggested as one factor that helps lower the risk of functional disability, [@pone.0099638-Stuck1]. Conversely, poor social relationships have been shown by meta-analysis to raise mortality risk, [@pone.0099638-Julianne1]. Social relationships encompass social network ties, the exchange of social support, as well as social participation, i.e. participation in civic groups that an individual can join, regardless of occupation or family situation. Promoting social participation is one of the key proposals of 'Active Aging' (the World Health Organization\'s policy framework), [@pone.0099638-WHO1].

Previous studies have suggested that social participation may lower the risk of all-cause mortality, [@pone.0099638-Aida1]--[@pone.0099638-Iwasaki1], cardiovascular mortality, [@pone.0099638-Vnnen1], all circulatory system disease mortality, [@pone.0099638-Iwasaki1], non-cancer and non-circulatory system disease mortality, [@pone.0099638-Iwasaki1], acute myocardial infarction, [@pone.0099638-Ali1], incident disability, [@pone.0099638-James1], [@pone.0099638-Hirai1], motor decline, [@pone.0099638-Buchman1], cognitive decline, [@pone.0099638-Vnnen1], [@pone.0099638-James2], and depressive symptoms, [@pone.0099638-Ciao1], [@pone.0099638-Cruwys1]. Social participation may thus be health promoting across a wide range of outcomes. When creating policies for promoting social participation, it is necessary to determine what forms of participation are effective. However, most of the above studies only examined broad social participation in any sort of organization or they lumped participation in various types of organizations together, and very few were able to look at the relationships with intensity of involvement or types of organizations.

Studies that did examine the effects of participation according to different types of organizations showed that participation in multiple organizations may have a protective effect on depression, [@pone.0099638-Cruwys1], well-being, [@pone.0099638-Haslam1] and oral health status, [@pone.0099638-Takeuchi1]. In addition, people who maintain a role in social organizations (e.g. secretary, treasurer, etc) experience a lower risk of depression,[@pone.0099638-Takagi1]. It is possible that participation in a diversity of organizations increases the number of roles, thereby reducing the risk of incident functional disability, but this theory has yet to be examined.

One study was conducted on participation in a sports organization to examine the effect on risk of incident functional disability, [@pone.0099638-Kanamori1]. Those that participated in a sports organization were less likely to require long-term care than those who exercised individually (i.e. on their own), even if they did so once a week or more. Moreover, as long as they participated in a sports organization, the frequency of exercise appeared to make little difference to the risk of incident disability. In other words, the mere act of social participation appeared to capture most of the health benefits.

However, other studies examining the effects of participation in civic organizations on all-cause mortality, [@pone.0099638-Aida1], [@pone.0099638-Hsu1], cognitive function, [@pone.0099638-Hsu1], and oral health status, [@pone.0099638-Takeuchi1] have not always shown a reduction in risk with participation. This suggests that the relationship between incident functional disability and social participation may vary depending on the type of organization, a possibility that has yet to be studied.

To our knowledge, no studies have been conducted on the relationship between incident functional disability in older individuals and participation in organizations by type of organization or number of types of organizations. Clarifying whether or not participation in a diversity of groups reduces the risk of incident functional disability for example, can provide important hints for health promotion. For example, should health promotion agencies encourage participation in any and all types of organizations, or particular types? We therefore set out to examine the relationship between incident functional disability and social participation from the perspective of number of types of organizations and type of social participation in a prospective cohort study.

Methods {#s2}
=======

Study sample {#s2a}
------------

The present study is based on the Aichi Gerontological Evaluation Study (AGES) Cohort Study data, [@pone.0099638-Kondo1], [@pone.0099638-Nishi1]. AGES is a part of Japan Gerontological Evaluation Study (JAGES). This study involves investigating factors associated with incident functional disability among non-institutionalized individuals aged 65 years and older. The region studied covers 6 municipalities in the Chita Peninsula of Aichi Prefecture, Japan (Handa city, Tokoname city, Agui town, Taketoyo town, Minamichita town and Mihama town). In October 2003, self-reported questionnaires were mailed to 29,374 community-dwelling individuals aged 65 years and older who were not eligible to receive benefits from public long-term care insurance (LTCI) services. The survey was conducted using a random sampling method stratified by region, age, and sex in the 2 larger municipalities (Handa city and Tokoname city) and a complete census (complete enumeration) of the 4 smaller municipalities (Agui town, Mihama town, Minami-Chita town, and Taketoyo town). For Handa and Tokoname city, we obtained a list of randomly selected eligible residents from the each municipal administration. Random sampling was stratified by three variables: by school district as a regional variable, by five-year age block (with 95 and older as the final block) and by sex. The official residential registries were maintained by the municipal administrations, and the Japanese registries included information such as age and sex. Questionnaires were sent to 5,000 people each in Handa city and Tokoname city and to all eligible people in the other municipalities (total questionnaires mailed = 28,152; men 45.8%). Response rates were as follows: Handa city 55.5%, Tokoname city 52.4%, Agui town 55.6%, Mihama town 49.8%, Minami-Chita town 51.1% and Taketoyo town 51.4%. Of those, 13,310 individuals (6,508 men; 6,802 women) agreed to participate, and thus formed the baseline of the AGES Cohort. They were followed for a 4-year period starting in November 2003 (observation period: November 2003 to October 2007). Analysis was carried out on 12,951 subjects, excluding 359 people whose information on age or sex was missing. The subjects that were excluded were those whose response on age in the questionnaire was 4 or more years off from the age recorded in the LTCI database maintained by the municipalities or whose response on sex in the questionnaire was different from that in the database, possibly because a family member or other person had completed the questionnaire on the subject\'s behalf. For analysis, the age and sex recorded in the LTCI database maintained by the municipalities were used. Subjects consisted of 6,320 men (48.8%) and 6,631 women (51.2%), with a mean age of 72.7±5.9 years.

Incident functional disability {#s2b}
------------------------------

Incident functional disability was defined based on medical certification. Certification of disability is based on formal evaluation of the need for long-term care according to uniform criteria applied throughout Japan and based on both a home-visit interview as well as a written opinion from a primary physician, [@pone.0099638-Tsutsui1]. We obtained information on certification of needed long-term care, death, and moving out of the study area from the long-term care insurance database maintained by the municipalities.

Social participation {#s2c}
--------------------

For the purposes of this study, social participation was classified into eight types: neighborhood associations/senior citizen clubs/fire-fighting teams (local community), hobby groups (hobby), sports groups or clubs (sports), political organizations or groups (politics), industrial or trade associations (industry), religious organizations or groups (religion), volunteer groups (volunteer), and citizen or consumer groups (citizen). Subjects were given a choice between 'currently participate' or 'do not participate' for each type of organization. The total number of types of organizations in which each subject participated was tallied and participation was categorized as 0 (no participation), 1, 2 or ≥3 organizations or missing. No response for even one organization was deemed as missing. The 8 types of organizations were chosen on the basis of those used in the Japan General Social Survey (JGSS), [@pone.0099638-Osaka1], but the AGES Cohort Study added local community organizations as a type of local community organization, [@pone.0099638-Kondo1]. Organizations that are especially characteristic of Japan among the above types are senior citizen clubs and religious organizations. Japanese senior citizen clubs conduct wide-ranging activities, including group activities, such as sports, hobbies, cultural activities and performing arts, [@pone.0099638-Kondo1]. These clubs have conducted their activities in cooperation with local government welfare departments and/or similar public agencies. The majority of Japanese religious organizations are Shinto (39.3%) or Buddhist (38.6%). Other religious organizations include Christian and other faith communities (22.1%).

Covariates {#s2d}
----------

Based on previous studies, [@pone.0099638-Kanamori1], age, sex, annual equivalized income, educational attainment, marital status, occupational status and self-reported medical conditions were used as covariates that may correlate with social participation and incident functional disability. Since behavioral, psychosocial, and physiological pathways may be potential mechanisms for social participation to influence health, [@pone.0099638-Umberson1], these factors were used to test which aspect of social participation accounts for the prevention of incident functional disability. Smoking, alcohol consumption, walking time, and frequency of going outdoors were used as behavioral factors. Depression (Geriatric Depression Scale: GDS), [@pone.0099638-Sheikh1], emotional support, instrumental support and frequency of meeting friends were used as psychosocial factors. IADL, [@pone.0099638-Koyano1] was used as a physiological factor. All variables were set as dummy variables. A "missing" category was used in analysis to account for missing values in response to questions.

Statistical analysis {#s2e}
--------------------

Cox proportional hazards model was used to calculate the hazard ratio (HR) of incident functional disability over 4 years. Respondents who were lost to follow-up by moving or who died without incident functional disability were censored. In each model, non-participation in a organization was set as the referent category. Regression analysis was performed with simultaneous forced entry of age, sex, annual equivalized income, educational attainment, marital status, occupational status, and self-reported medical conditions as covariates (Model 1). In addition, participation in all 8 organizations was added only for "type of social participation."

To test which aspect of social participation accounted for the prevention of incident functional disability, we added behavioral, psychosocial, or physiological factors sequentially to each model from Model 2 to Model 4 and inspected the change in the HR estimate associated with social participation. In Model 2, smoking, alcohol consumption, walking time, and frequency of going outdoors were added to the variables in Model 1. In Model 3, depression, emotional support, instrumental support, and frequency of meeting friends were added to the variables in Model 1. In Model 4, IADL was added to the variables in Model 1. We added all three classes of mediators in the final Model 5.

SPSS 21.0J was used for statistical analysis with a significance level of 5%.

Ethical approval for the study was obtained from the Nihon Fukushi University Ethics Committee.

Results {#s3}
=======

Baseline characteristics are shown in [Table 1](#pone-0099638-t001){ref-type="table"}. Younger ages and males tend to participate in more organizations. For type of social participation, over half of all respondents participated in a local community organization. The next commonest form of participation was in hobby groups, followed by sports organizations. The age of participants was lower than the mean for all respondents (72.7 years) for most types of organizations, except for local community and religion organizations. The ratio of men to women was roughly fifty-fifty for most types of organizations, but was over 70% for industry and politics organizations. The "missing" category was characterized by a higher mean age and smaller male-to-female ratio than the other categories.

10.1371/journal.pone.0099638.t001

###### Baseline characteristics.
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                                                                                 N       \%       Age      Men (%)
  ------------------------------------------------------- ------------------- -------- ------- ---------- ---------
  **Total**                                                                                               
                                                                               12,951   100.0   72.7±5.9    48.8
  **Equivalized income**                                                                                  
  Low                                                                          4,291    33.1    72.2±5.7    50.9
  Middle                                                                       4,708    36.4    71.9±5.6    57.7
  High                                                                         1,218     9.4    72.7±6.2    53.0
  Missing                                                                      2,734    21.1    74.5±6.1    28.3
  **Educational attainment**                                                                              
  \< 6 yrs                                                                      541      4.2    78.7±6.8    26.2
  6--9 yrs                                                                     6,810    52.6    72.5±5.8    47.2
  10--12 yrs                                                                   3,623    28.0    72.1±5.5    47.1
  ≥ 13 yrs                                                                     1,194     9.2    71.5±5.6    72.6
  Missing                                                                       783      6.0    73.8±6.1    49.7
  **Marital status**                                                                                      
  Married                                                                      8,659    66.9    71.5±5.1    60.8
  Single                                                                       3,462    26.7    75.4±6.6    18.9
  Missing                                                                       830      6.4    73.6±6.0    48.4
  **Occupational status**                                                                                 
  Employed                                                                     3,198    24.7    70.3±4.8    63.6
  Not employed                                                                 9,493    73.3    73.4±6.0    44.0
  Missing                                                                       260      2.0    73.8±6.3    41.5
  **Self-reported medical conditions**                                                                    
  No illness or disability                                                     2,155    16.6    71.0±5.6    52.3
  Illness or disability that does not require treatment                        1,249     9.6    72.2±5.9    57.6
  Decided to discontinue treatment                                              826      6.4    72.5±5.9    47.3
  In treatment                                                                 8,081    62.4    73.1±5.8    47.6
  Missing                                                                       640      4.9    73.8±6.3    37.3
  **Smoking**                                                                                             
  Never smoked                                                                 7,602    58.7    72.9±6.1    21.9
  Past smoker                                                                  3,169    24.5    72.5±5.5    93.1
  Current smoker                                                               1,619    12.5    71.6±5.4    91.2
  Missing                                                                       561      4.3    73.8±5.4    41.2
  **Alcohol consumption**                                                                                 
  Non-drinker                                                                  8,340    64.4    73.3±6.1    31.8
  Non-daily drinker                                                            1,710    13.2    71.3±5.3    66.5
  Daily drinker                                                                2,640    20.4    71.3±5.1    92.1
  Missing                                                                       261      2.0    75.1±6.5    39.1
  **Walking time (per day)**                                                                              
  \< 30 min                                                                    4,191    32.4    73.1±6.0    49.1
  30--60 min                                                                   4,222    32.6    72.5±5.8    51.5
  60--90 min                                                                   1,616    12.5    72.5±5.7    54.5
  \> 90 min                                                                    1,529    11.8    71.8±5.9    50.1
  Missing                                                                      1,393    10.8    73.0±6.2    31.6
  **Frequency of going outdoors**                                                                         
  Almost daily                                                                 5,760    44.5    71.6±5.4    49.5
  2--3 times/week                                                              4,033    31.1    73.0±5.8    46.1
  About once/week                                                              2,244    17.3    73.8±6.2    50.0
  Rarely                                                                        417      3.2    75.9±7.5    57.1
  Missing                                                                       497      3.8    74.1±6.4    50.1
  **Depression**                                                                                          
  No depression                                                                7,325    56.6    72.1±5.7    52.0
  Depressive tendency                                                          2,410    18.6    73.0±6.0    48.3
  Depression                                                                    718      5.5    72.9±6.0    49.0
  Missing                                                                      2,498    19.3    73.9±6.2    39.8
  **Emotional support**                                                                                   
  Available                                                                    10,966   84.7    72.5±5.8    46.6
  Not available                                                                1,263     9.8    73.2±6.0    67.8
  Missing                                                                       722      5.6    74.5±6.2    48.5
  **Instrumental support**                                                                                
  Available                                                                    11,630   89.8    72.6±5.9    49.9
  Not available                                                                 726      5.6    72.4±5.5    34.2
  Missing                                                                       595      4.6    73.7±5.8    45.7
  **Frequency of meeting friends**                                                                        
  Almost daily                                                                 2,434    18.8    72.6±5.6    39.2
  2--3 times/week                                                              3,198    24.7    72.3±5.6    40.9
  About once/week                                                              1,946    15.0    72.3±5.7    47.9
  1--2 times/month                                                             1,822    14.1    72.3±5.8    56.6
  A few times a year or less                                                   3,159    24.4    73.2±6.3    61.2
  Missing                                                                       392      3.0    74.7±6.7    41.3
  **IADL**                                                                                                
  High                                                                         5,378    41.5    71.5±5.0    45.3
  Middle                                                                       2,633    20.3    72.0±5.5    53.9
  Low                                                                          3,897    30.1    74.9±6.7    52.4
  Missing                                                                      1,043     8.1    75.0±6.2    40.4
  **Number of types of organizations**                                                                    
  0                                                                            3,190    24.6    72.7±6.2    48.2
  1                                                                            3,184    24.6    72.9±6.0    48.5
  2                                                                            2,135    16.5    72.1±5.5    52.0
  ≥3                                                                           2,102    16.2    71.1±5.0    54.9
  missing                                                                      2,340    18.1    74.1±6.2    41.7
  **Type of social participation**                                                                        
  Local community                                            participation     6,851    52.9    72.8±5.7    48.9
                                                           non-participation   4,948    38.2    72.1±6.0    49.7
                                                                missing        1,152     8.9    74.5±6.3    44.4
  Hobby                                                      participation     3,557    27.5    71.6±5.1    43.4
                                                           non-participation   7,799    60.2    72.7±6.0    52.3
                                                                missing        1,595    12.3    74.6±6.2    43.5
  Sports                                                     participation     2,373    18.3    70.8±4.9    52.6
                                                           non-participation   8,860    68.4    72.8±6.0    48.9
                                                                missing        1,718    13.3    74.5±6.1    43.0
  Religion                                                   participation     1,394    10.8    73.3±5.9    51.4
                                                           non-participation   9,913    76.5    72.3±5.8    49.3
                                                                missing        1,644    12.7    74.3±6.0    43.9
  Industry                                                   participation     1,199     9.3    71.6±5.4    77.4
                                                           non-participation   10,124   78.2    72.5±5.9    46.8
                                                                missing        1,628    12.6    74.5±6.0    40.4
  Volunteer                                                  participation     1,180     9.1    70.5±4.6    52.4
                                                           non-participation   10,111   78.1    72.6±5.9    49.3
                                                                missing        1,660    12.8    74.6±6.1    43.2
  Politics                                                   participation      921      7.1    71.8±5.4    70.5
                                                           non-participation   10,573   81.6    72.5±5.9    48.1
                                                                missing        1,457    11.3    74.6±6.0    40.3
  Citizen                                                    participation      532      4.1    71.0±4.7    43.0
                                                           non-participation   10,659   82.3    72.5±5.9    49.9
                                                                missing        1,760    13.6    74.4±6.1    43.6

Of the 12,951 respondents analyzed, 1,009 died, 1,528 became eligible for long-term care (i.e. became functionally disabled, according to our definition), and 140 moved out of the study area during the four year follow-up period. The incident rates of functional disability found by dividing the number of new cases by the number of follow-up years are shown in [Table 2](#pone-0099638-t002){ref-type="table"}. The incident rate of functional disability decreased as the number of types of organizations increased, and was smallest for sports organizations, followed by volunteer, then hobby organizations.

10.1371/journal.pone.0099638.t002

###### Incident rate of functional disability for 4 years.
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                                                                N      Incident/Person year   Incident rate
  -------------------------------------- ------------------- -------- ---------------------- ---------------
  **Total**                                                                                  
                                                              12,951       1,528/47,453           0.032
  **Number of types of organizations**                                                       
  0                                                           3,190         447/11,391            0.039
  1                                                           3,184         390/11,624            0.034
  2                                                           2,135         192/8,010             0.024
  ≥3                                                          2,102         124/8,021             0.015
  missing                                                     2,340          375/8408             0.045
  **Type of social participation**                                                           
  Local community                           participation     6,851         715/25,395            0.028
                                          non-participation   4,948         589/18,004            0.033
                                               missing        1,152         224/4,054             0.055
  Hobby                                     participation     3,557         253/13,528            0.019
                                          non-participation   7,799         987/28,261            0.035
                                               missing        1,595         288/5,665             0.051
  Sports                                    participation     2,373         128/9,139             0.014
                                          non-participation   8,860        1,103/32,191           0.034
                                               missing         1718         297/6,124             0.048
  Religion                                  participation     1,394         180/5,098             0.035
                                          non-participation   9,913        1,069/36,469           0.029
                                               missing        1,644         279/5,886             0.047
  Industry                                  participation     1,199          96/4,472             0.021
                                          non-participation   10,124       1,145/37,160           0.031
                                               missing        1,628         287/5,821             0.049
  Volunteer                                 participation     1,180          74/4,486             0.016
                                          non-participation   10,111       1,161/37,055           0.031
                                               missing        1,660         293/5,913             0.050
  Politics                                  participation      921           90/3,417             0.026
                                          non-participation   10,573       1,170/38,854           0.030
                                               missing        1,457         268/5,183             0.052
  Citizen                                   participation      532           45/1,999             0.023
                                          non-participation   10,659       1,177/39,169           0.030
                                               missing        1,760         306/6,286             0.049

The results of Cox proportional-hazards model analysis of social participation and incident functional disability are shown in [Table 3](#pone-0099638-t003){ref-type="table"}. In the crude model, participation was strongly protective of incident disability. Moreover, a "dose-response" relationship was seen, with progressively lower HRs as the number of different types of organizations increased. Regarding type of social participation, religion organizations was associated with an increased risk of disability without any covariate adjustment. In Model 1, where the data was adjusted for age, sex, annual equivalized income, educational attainment, marital status, occupational status, self-reported medical conditions, and participation in all 8 organizations (only for "type of social participation"), the hazard ratios became statistically significant for one or more different types of organizations HRs, and local community, hobby, and sports organizations HRs. Trend analysis of the data set omitting the missing categories for number of types of organizations yielded a p for liner trend of \<0.01.

10.1371/journal.pone.0099638.t003

###### Adjusted hazard ratios (95% confidence intervals) for incident functional disability.
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                                                                                                          Crude                   Model 1 [a)](#nt101){ref-type="table-fn"}   Model 2 [b)](#nt102){ref-type="table-fn"}   Model 3 [c)](#nt103){ref-type="table-fn"}   Model 4[d)](#nt104){ref-type="table-fn"}   Model 5[e)](#nt105){ref-type="table-fn"}                                                                                                                                                    
  -------------------------------------------------------------------------------------- --------------------------------------- ------------------------------------------- ------------------------------------------- ------------------------------------------- ------------------------------------------ ------------------------------------------ --------------------------------------- ------------ --------------------------------------- ------------ --------------------------------------- ------------
  **Number of types of organizations**                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  0                                                                                                       1.00                                                                                  1.00                                                                                    1.00                                                                                1.00                                                 1.00                                                 1.00                   
  1                                                                                       0.85[\*](#nt106){ref-type="table-fn"}                  0.75--0.98                     0.83[\*](#nt106){ref-type="table-fn"}                    0.73--0.95                                     0.87                                    0.76--1.00                                  0.89                    0.78--1.02                   0.88                    0.77--1.01                   0.93                    0.81--1.07
  2                                                                                       0.61[\*](#nt106){ref-type="table-fn"}                  0.51--0.72                     0.72[\*](#nt106){ref-type="table-fn"}                    0.61--0.85                    0.79[\*](#nt106){ref-type="table-fn"}                    0.66--0.93                  0.82[\*](#nt106){ref-type="table-fn"}   0.69--0.98   0.82[\*](#nt106){ref-type="table-fn"}   0.69--0.98                   0.91                    0.76--1.09
  ≥3                                                                                      0.39[\*](#nt106){ref-type="table-fn"}                  0.32--0.48                     0.57[\*](#nt106){ref-type="table-fn"}                    0.46--0.70                    0.63[\*](#nt106){ref-type="table-fn"}                    0.52--0.78                  0.69[\*](#nt106){ref-type="table-fn"}   0.56--0.86   0.68[\*](#nt106){ref-type="table-fn"}   0.55--0.83   0.78[\*](#nt106){ref-type="table-fn"}   0.63--0.96
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  **Type of social participation** (reference: non-participation of each organization)                                                                                                                                                                                                                                                                                                                                                                                                                       
  Local community                                                                         0.86[\*](#nt106){ref-type="table-fn"}                  0.77--0.96                     0.85[\*](#nt106){ref-type="table-fn"}                    0.76--0.96                    0.89[\*](#nt106){ref-type="table-fn"}                    0.79--1.00                                  0.90                    0.80--1.02   0.89[\*](#nt106){ref-type="table-fn"}   0.79--1.00                   0.94                    0.83--1.06
  Hobby                                                                                   0.53[\*](#nt106){ref-type="table-fn"}                  0.46--0.61                     0.75[\*](#nt106){ref-type="table-fn"}                    0.64--0.87                    0.78[\*](#nt106){ref-type="table-fn"}                    0.66--0.91                  0.80[\*](#nt106){ref-type="table-fn"}   0.69--0.94   0.82[\*](#nt106){ref-type="table-fn"}   0.70--0.96   0.85[\*](#nt106){ref-type="table-fn"}   0.73--1.00
  Sports                                                                                  0.41[\*](#nt106){ref-type="table-fn"}                  0.34--0.49                     0.66[\*](#nt106){ref-type="table-fn"}                    0.54--0.81                    0.69[\*](#nt106){ref-type="table-fn"}                    0.56--0.85                  0.71[\*](#nt106){ref-type="table-fn"}   0.58--0.87   0.69[\*](#nt106){ref-type="table-fn"}   0.56--0.84   0.73[\*](#nt106){ref-type="table-fn"}   0.59--0.90
  Religion                                                                                1.20[\*](#nt106){ref-type="table-fn"}                  1.03--1.41                                     1.07                                     0.90--1.27                                     1.08                                    0.91--1.28                                  1.06                    0.89--1.26                   1.10                    0.93--1.31                   1.09                    0.92--1.30
  Industry                                                                                0.70[\*](#nt106){ref-type="table-fn"}                  0.57--0.86                                     1.07                                     0.84--1.35                                     1.08                                    0.85--1.37                                  1.11                    0.87--1.41                   1.09                    0.86--1.39                   1.13                    0.88--1.44
  Volunteer                                                                               0.53[\*](#nt106){ref-type="table-fn"}                  0.42--0.66                                     0.92                                     0.70--1.20                                     0.94                                    0.72--1.23                                  0.95                    0.73--1.25                   0.98                    0.74--1.28                   0.99                    0.76--1.30
  Politics                                                                                                0.87                                   0.71--1.08                                     1.18                                     0.93--1.50                                     1.19                                    0.94--1.52                                  1.21                    0.95--1.54                   1.24                    0.98--1.58                   1.24                    0.97--1.58
  Citizen                                                                                                 0.75                                   0.56--1.01                                     1.33                                     0.96--1.84                                     1.32                                    0.95--1.83                                  1.37                    0.99--1.90                   1.36                    0.98--1.89                   1.36                    0.98--1.90

Model 1 is adjusted for age, sex, annual equivalized income, educational attainment, marital status, occupational status and self-reported medical conditions. In addition, participation in all 8 organizations is added only for "**type of social participation**".

Model 2 is adjusted for the covariates in Model 1 plus smoking, alcohol consumption, walking time and frequency of going outdoors.

Model 3 is adjusted for the covariates in Model 1 plus depression, emotional support, instrumental support and frequency of meeting friends.

Model 4 is adjusted for the covariates in Model 1 plus IADL.

Model 5 is adjusted for the covariates in Model 1 plus smoking, alcohol consumption, walking time, frequency of going outdoors, depression, emotional support, instrumental support, frequency of meeting friends and IADL.

\* Statistically significant variable (p\<0.05).

In sub-analysis, we sought to check for the possibility of reverse causation (*i.e.* the possibility that people who were feeling unwell selectively participated). We did this by excluding the 366 subjects who became certified for long-term care within the first year of follow-up. The HRs in this sensitivity analysis were 0.86 (0.73--1.00) for participation in one, 0.74 (0.60--0.89) for participation in two, and 0.53 (0.42--0.68) for participation in three or more different types of organizations, with the significant difference disappearing only for participation in one type of organization. In addition, the HR for participation in a local community organization was 0.84 (0.73--0.96), in a hobby organization was 0.76 (0.63--0.90) and in a sports organization was 0.72 (0.57--0.90).

We also stratified the HRs by gender. For men, the HRs were 0.84 (0.67--1.05) for participation in one, 0.80 (0.62--1.04) for participation in two, and 0.66 (0.50--0.87) for participation in three or more different types of organizations. The HR for participation in a local community organization was 0.87 (0.72--1.05), in a hobby organization was 0.74 (0.58--0.94) and in a sports organization was 0.64 (0.48--0.85). For women, the HRs were 0.85 (0.71--1.01) for participation in one, 0.67 (0.52--0.83) for participation in two, and 0.50 (0.37--0.68) for participation in three or more different types of organizations. The HR for participation in a local community organization was 0.86 (0.74--1.01), in a hobby organization was 0.73 (0.60--0.90) and in a sports organization was 0.66 (0.49--0.88). No significant differences were seen in either men or women in any other types of participation in organizations.

Next, to test which aspect of social participation accounts for the prevention of incident functional disability, we added behavioral, psychosocial, or physiological factors to each model from Model 2 to Model 4. For each model, the HRs for types of participation that were significantly different in Model 1 tended towards 1.00. In Model 5 adjusted for these behavioral, psychosocial, or physiological factors, there were no differences between non-participation and participation in one or two types of organizations or in a local community organization.

Discussion {#s4}
==========

In this study, we examined the relationship between incident functional disability and social participation from the perspective of number of types of organizations and type of social participation in a prospective cohort study. Social participation significantly lowered the risk of incident functional disability, and this effect increased with an increasing variety of organizations in which subjects participated. In analyses stratified by gender, as well as excluding subjects who became disabled within one year of follow-up, the results still suggested a protective effect of participating in more than two organizations. Previous studies have suggested that social participation can lower the risk of incident disability, [@pone.0099638-James1], [@pone.0099638-Hirai1], which supports the results of the present study. Analysis adjusted for behavioral, psychosocial, and physiological factors resulted in a tendency towards weaker positive associations. Behavioral, psychosocial, and physiological pathways may be potential mechanisms for social participation to influence health, [@pone.0099638-Umberson1]. The results of the present study support that finding. In addition, participation in a greater number of different organizations brought the HR closer to 1.00. Participation in multiple organizations may have a protective effect on depression, [@pone.0099638-Cruwys1], well-being, [@pone.0099638-Haslam1] and oral health status, [@pone.0099638-Takeuchi1], while having a role within the organization may reduce the risk of mental health problems, [@pone.0099638-Takagi1]. These findings indicate that social participation may decrease the risk of incident functional disability in older Japanese people, and that this effect may be strengthened by participation in a variety of organizations.

The relationship between social participation and prevention of functional decline may be under-pinned by at least three distinct mechanisms. First, social participation encourages older individuals to keep active (e.g. getting dressed each day to leave the house), and these daily routines may help to preserve functioning (the "use it or lose it" hypothesis). Secondly, social participation provides individuals with access to various forms of social support (e.g. access to material resources, or health-relevant information) which may promote the preservation of functional status. Thirdly, social participation may have direct physiological benefits such as buffering stress, boosting host resistance, and lowering biomarkers of disease risk, such as inflammation, [@pone.0099638-Glei1].

Regarding type of social participation, the risk was significantly lower for participation in a local community, hobby, or sports organization. This decrease remained significant even when those who became certified for long-term care within a year were excluded from the analysis. When each gender was examined separately, the HR remained lower than 1.00 for participation in a local community organization, but this difference was no longer significant. Participation in a hobby or sport organization significantly lowered the risk for both men and women. In a similar trend, previous studies that each looked at different organizations did not always show participation to lower the risk of all-cause mortality, [@pone.0099638-Aida1], [@pone.0099638-Hsu1] or impaired cognitive function, [@pone.0099638-Hsu1]. The finding that participation in a hobby or sports organization significantly lowers the risk for both men and women is similar to the finding of an association with all-cause mortality, [@pone.0099638-Aida1]. Among the different types of social participation, it is thus likely that participating in a local community, hobby, or sports group organization may be especially effective for decreasing the risk of requiring long-term care in the future.

For these three types of organizations, adjusting for behavioral, psychosocial, and physiological factors resulted in a tendency towards a weaker positive relationship. The association with participation in a hobby or sports organization may be due to the influence of hobby activities, [@pone.0099638-Takeda1] or physical activities, [@pone.0099638-Paterson1] that may help prevent incident functional disability. In addition to the benefits of physical activity, participation in a sports organization may have positive effects from the social interaction itself, e.g. instrumental and emotional support exchanged between members, or even just the social reinforcement (i.e. reinforcers such as acceptance, praise, and attention from other people) that comes from belonging to a group, [@pone.0099638-Kanamori1]. The reason for the protective effect of local community organizations may be that sports and leisure activities are often included in the activities of these organizations, [@pone.0099638-Kondo1]. One type of neighborhood-based organization common throughout Japan is the community-based senior centers (called "salons"), which have been shown to improve self-rated health, [@pone.0099638-Ichida1] and increase emotional social support, [@pone.0099638-Takeda2]. These may help reduce the risk of needing long-term care. However, the association was weaker than that of participation in hobby and sports organizations, and was no longer significant when each gender was analyzed separately. The reason for this may be in the negative side of social relationships, such as sense of obligation to the community or burden, [@pone.0099638-Rook1]. These findings point to the existence of behavioral, psychosocial, and physiological pathways in the weakening of the risk of incident functional disability due to participation in a local community, hobby, and sports organization. Significant associations remained for participation in three or more organizations and in participation in a hobby and sports organization even in Model 5 that included all covariates. Further studies are needed to elucidate the reason for this, as it is possible that there may be some other factor acting on these types of participation that were not examined here (such as eating behavior or physical fitness).

Of all types of participation, only participation in a religious group showed an inverse association with incident functional disability in the crude model, although the association became statistically non-significant in later models that adjusted for age and other variables. This result is contrary to a meta-analysis that found religious involvement to be related to low mortality, [@pone.0099638-McCullough1]. However, most of the studies in this topic have been conducted in western settings. Religious involvement has a very different connotation in Japanese society, where most people (84%) do not claim to adhere to any personal religion, [@pone.0099638-Earhart1]. We speculate that religious involvement in this context is more likely to be triggered by health problems, and hence the possibility of reverse causation is heightened."

The present study has five limitations. First and foremost is that we cannot completely exclude the possibility of reverse causation, even though the study was longitudinal and none of the subjects had disability at the start of follow up. Although we carefully controlled for a number of covariates, and even conducted a sensitivity analysis excluding people who developed disability within one year of baseline, there is nonetheless a possibility of residual confounding by underlying health status (e.g. vitality, "pep", or some other subtle difference in health that our measurements were unable to capture). Thus, subtle differences in the vitality of individuals (for example in lung capacity or cardiovascular fitness) could cause them to selectively participate in more organizations, as well as to select more vigorous activities (such as sports) over more sedentary activities (like chatting to neighbors). Causal inference in this situation is quite challenging. Given the expense involved in conducting randomized experiments, some have advocated the use of "natural" experiments, such as instrumental variables. In a recent study, Ichida et al., [@pone.0099638-Paterson1] used "distance to the nearest newly opened community center" as an instrument for social participation, The authors found that old people who happened to live closer to a newly opened community "salon" were more likely to participate, and that salon participation was associated with improved health over follow-up. A second limitation is that the term "local community organization" covered neighborhood associations, senior citizen clubs and fire-fighting teams. We were therefore unable to distinguish how participation in each of these three types of organizations related to incident functional disability. A third limitation is that we did not inquire about the frequency of participation in each organization. The frequency of meetings may vary greatly according to the type of organization, but the effects of variation in frequency are not reflected in this study. A fourth limitation is that we did not inquire about the level of involvement or commitment of the individual to the organization. The involvement of individuals in organizations may vary in intensity, e.g. according to whether they assume leadership roles or they choose to participate as regular members, [@pone.0099638-Takagi1]. Further studies are needed to examine these additional questions. A fifth and final limitation is that our response rate to the baseline invitation was only 46%, so that our findings may not be representative of the areas in Japan in which the surveys were conducted. However, a response rate of 40% is quite high by western standards (where the response to postal surveys can be as low as 10%). Moreover, depending on the objectives of the study, we need not insist on representativeness as an obligatory feature of a cohort study, [@pone.0099638-Rothman1].

In conclusion, social participation may lower the risk of incident functional disability in older Japanese people, and this effect may be strengthened by participation in a variety of organizations. Moreover, participating in a local community, hobby, or sports group or organization may be especially effective for decreasing the risk. These findings suggest that support for older Japanese people that encourage participation in a variety of organizations, centered on local community, hobby, and sports organizations, may be effective for preventing the need for long-term care.
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